Endometriosis is a common gynecological disease characterized by diminished apoptosis, sustained ectopic survival of dysfunctional endometrial cells. Hypoxia has been implicated as a crucial microenvironmental factor that contributes to endometriosis.
Hypoxia has a pathophysiological effect through the process of disease and regulation of gene expression. 4 Numerous studies have suggested that peritoneal hypoxia is intricately involved in the pathogenesis of ovarian endometriosis. 5, 6 The key factor mediating cellular hypoxia response is the hypoxia-inducible factor-1 (HIF-1), which is a heterodimeric transcription factor composed of an O 2 -sensitive α-subunit and a constitutively expressed β-subunit. 7 In women susceptible to endometriosis, it is probable that retrograde menstruation of endometrial cells or debris that attach to the peritoneal wall may be exposed to hypoxic-ischaemic peritoneal microenvironment. 8 Previous studies reported that hypoxia may play a role in the survival and angiogenesis of retrograde endometrial cells in implanted ectopic endometriotic lesions. 9 Moreover, during this process HIF-1α regulate the expression of multiple target genes involved in different processes including angiogenesis, apoptosis, and autophagy. 10, 11 Autophagy is an evolutionarily conserved cellular catabolic process by which cells capture bulk intracellular components like abnormal protein aggregates and damaged organelles and degraded them through delivery to lysosomes. 12 Autophagy is vital in a range of pathophysiological situations, and dysregulated autophagy is associated with various human diseases, including neurodegenerative diseases, infection, and malignancy. 13 It is generally believed that autophagy plays a crucial role in protecting cells to survival by preventing apoptosis under various metabolic stresses microenvironment, such as hypoxia or oxidative stress. [14] [15] [16] Interestingly, our previous studies as well as others revealed that autophagic process was up-regulated in ovarian endometriomas. 17, 18 However, despite the expansion of our knowledge about autophagy, the mechanisms responsible for the aberrant activation of autophagy and the detailed effect of autophagy on survival of human endometrial cells under the hypoxia condition remain largely unknown in the context of endometriosis.
Long non-coding RNAs (lncRNAs) are a family of RNAs longer than 200 nucleotides with limited or no protein-coding potential. 19 An increasing number of lncRNAs have been reported to participate in various biological processes such as cell differentiation, apoptosis, and autophagy and are involved in the pathogenesis of endometriosis. 20, 21 Among them, lncRNA metastasis-associated lung adenocarcinoma transcript 1 (lncRNA-MALAT1), which was first described to be associated with metastasis of lung tumours, is highly conserved in mammalian species. 22 Researchers found lncRNA-MALAT1 was robustly induced by hypoxia in several cancer cell types. [23] [24] [25] In addition, several studies reported that lncRNA-MALAT1 modulates the activity of autophagy. 26, 27 More importantly, recent research indicated expression of lncRNA-MALAT1 was significantly increased in the ectopic endometrium of patients with ovarian endometriosis. 28 However, the correlation between lncRNA-MALAT1 and autophagy remains unclear in the context of endometriosis. Therefore, considering the fact that the elevated expression of lncRNA-MALAT1 in ovarian endometriosis and its connection with autophagy as well as the up-regulation of both lncRNA-MALAT1 and autophagy were upregulated by hypoxia, we have been suggested that up-regulation of lncRNA-MALAT1 by hypoxia may promote autophagy which acts as a cell pro-survival mechanism in endometriosis. From the healthy control group an endometrial specimen (n = 30) was collected from healthy fertile women who were undergoing laparoscopic tubal ligation or reversal of tubal sterilization by hysteroscopy. The matched eutopic endometrium (n = 30) was collected from the same patient with ovarian endometriosis (n = 30) undergoing laparoscopic treatment for infertility and/or ovarian cysts.
| MATERIALS AND METHODS
Ovarian endometriotic tissues (cyst diameter measured by ultrasound ranged from 38 to 72 mm) were carefully stripped from the inner cyst wall avoiding contamination with ovarian tissues. In the endometriosis group, all patients showed stage III or IV endometriosis according to the American Society for Reproductive Medicine classification. 29 All specimens were immediately frozen and stored in liquid nitrogen for RNA and protein extraction or paraffin embedded for immunohistochemistry; they were all analyzed at the same time.
The clinical data of the patients are summarized in Table S1 .
| Immunohistochemistry
Immunohistochemical staining was performed as described in our previous study. Formalin-fixed paraffin-embedded specimens of normal, eutopic, and ectopic endometrium were cut into 5 μm sections.
Then sections were deparaffinized and antigen-retrieval was performed in sodium-citrate buffer (10 m mol L Table S2 . Table S3 .
| Protein extraction and western blot analysis

| Acridine Orange staining
We After being incubated in growth medium with the adenoviruses at a MOI of 100 for 24 hours to ensure the expression of GFP-mRFP-LC3, then the cells were subjected to normoxic and hypoxia conditions for another 24 hours. Autophagy was observed using a laserscanning confocal microscope (Olympus America Inc, Center Valley, PA). Autophagic flux was determined by evaluating the number of GFP and mRFP puncta (puncta/cell were counted).
| RNA interference
Human lncRNA-MALAT1 small interfering RNA (siRNA), HIF-1α siRNA, Beclin1 siRNA, and non-specific negative control siRNA (si-NC)
were synthesized by RIBOBIO (Guangzhou, Guangdong, China). HIF- FBS for another 24 hours, followed by further drug treatments.
Sequences for siRNAs used in this study are shown in Table S2 . 
| Cell viability assays
| Hoechst staining
The detection of apoptosis was displayed using the Heochst staining 
| Statistical analysis
Statistical analyses were performed using Graphpad Prism ® statistical analysis software (version 6.01; GraphPad Software Inc., CA, USA).
All data presented here are the mean ± standard deviations (SD).
The Student's t test was used to assess the significance of differences in protein levels of HIF-1α and LC3 in different type of endometrial tissues. Statistical comparison among multiple groups was performed using one-way analysis of variance (ANOVA). Differences with P values of <0.05 were considered statistically significant.
Each experiment was independently repeated at least three times.
3 | RESULTS
| Morphology and identification of primary human endometrial stromal cells
Vimentin and E-cadherin are the specific markers of human endometrial stromal cells and human endometrial glandular epithelial cells, respectively. As shown in Figure 1A ,B, human endometrial stromal cells displayed long-spindle and typical fibroblast-like shapes with positively expressing mesenchymal specific markers Vimentin and negatively expressing epithelial specific marker E-cadherin. The purity of primary human endometrial stromal cells in isolated cells was >95%.
| Expression of MALAT1, HIF-1α, and LC3 in ectopic endometrium of endometriosis
To investigate whether lncRNA-MALAT1, HIF-1α, and autophagyassociated marker LC3 play a role in endometriosis, we measured their expression in ovarian endometriosis specimens. Firstly, using
qRT-PCR, we found that lncRNA-MALAT1 expression was higher in ovarian endometriosis tissues than that in normal and eutopic endometrium with endometriosis ( Figure 2A) . Then, Western blot assay was performed to detect the expression levels of HIF-1α and autophagy marker LC3. As shown in Figure 2B ,C, the data revealed that increased protein expression of HIF-1α and total accumulation of LC3-II were present in ovarian endometriosis samples compared with normal and eutopic endometrium from women with endometriosis.
Afterwards we further investigated the location and protein levels of HIF-1α and LC3 by immunohistochemical staining. HIF-1α was predominantly localized in the nuclei of epithelial and stromal cells;
however, LC3 was expressed within the cytoplasm of both cell types. The expression levels of HIF-1α and LC3 in the ectopic endometrium were significantly greater than those in normal endometrium and eutopic endometrium from women with endometriosis ( Figure 2D ). Taken together, the data provided evidence that the autophagy process occurred during ovarian endometriosis, and elevated expression of HIF-1α and lncRNA-MALAT1 may be involved in the pathological process. staining were performed to observe acidic vesicular organelles (AVOs), which accurately indicates autophagic activity. As shown in Figure 3E ,F, compared with normoxia group, human endometrial stromal cells treated with hypoxia showed more accumulation of autophagic vacuoles. Autophagosomes were first monitored by transmission electron microscopy (TEM), and TEM remains one of the most reliable methods for the observation of autophagy and quantification of autophagic accumulation. 32 By TEM analysis, we determined that hypoxia treatment increased the number of cytoplasmic autophagosomes in human endometrial stromal cells (Figure 3G,H) . In summary, these findings indicated that hypoxia induces autophagy in human endometrial stromal cells.
| LncRNA-MALAT1 is induced by hypoxia and regulated by HIF-1α in human endometrial stromal cells
In order to reveal the mechanism underlying the up-regulation of lncRNA-MALAT1 in human ovarian endometriosis tissues, human endometrial stromal cells were treated with hypoxia for various time periods. As shown in Figure 4A , qPCR analysis revealed a time-dependent increase of lncRNA-MALAT1 in human endometrial stromal cells.
As HIF-1 is the master regulator of the cellular response to hypoxia, it is considered to transcriptionally regulate the expression of lncRNA- Taken together, these data implicated that lncRNA-MALAT1 was upregulated by HIF-1α under hypoxia condition. were analysed by Transmission electron microscopy (TEM). Autophagical vacuoles containing organelle remnants were highlighted by red arrows. The protein expression levels were quantified by Image J software and normalized to GAPDH protein levels. Quantitative results are expressed as the means ± SD of at least three independent experiments (*P < 0.05; **P < 0.01; ***P < 0.001) HIF-1α dependent manner. Elevation of lncRNA-MALAT1 by hypoxia causes an activation of pro-survival autophagy pathway, which results in reduced cell apoptosis in endometriosis.
Endometriosis is considered to be a polygenically inherited disorder with a complex, multi-factorial aetiology. 33 Many different theories relating to the pathogenesis of endometriosis have been put forward and to date they all remain to be conclusively confirmed.
Sampson's transplantation and implantation theory, which is the most widely accepted assumption, indicates that endometriosis occurs due to the reflux of endometrial debris by retrograde menstruation. 34 However, because retrograde menstruation occurs in most women but only 5%-10% develop endometriosis, other factors such as peritoneal hypoxia microenvironment must contribute to the development of this disease. 8, 35 According to Sampson's theory, when shed endometrial cells or debris retrogrades to the peritoneal cavity, the first stress faced is the local altered hypoxic microenvironment. A growing body of evidence suggests that peritoneal local hypoxia play an important role in endometriosis development and progression and the expression of hypoxia-inducible factor-1alpha (HIF-1α) was increased significantly in the development of endometriosis. 5, 6, 36 Although the etiology of endometriosis remains largely unknown, a considerable amount of evidence supports that dysregulation of LncRNAs may play a role in the pathological processes of endometriosis. 20, 21 Among them, lncRNA-MALAT1 is an abundant and highly conserved lncRNA which is often overexpressed in various types of cancers, associating with proliferation, metastasis, and apoptosis. 37 In this study, by thorough examination of ovarian endometriosis samples, we found that levels of lncRNA-MALAT1
were significantly overexpressed in ovarian endometriosis samples, and to lesion maintenance. 17 In this study, we first proved that the levels of LC3 was elevated in ectopic endometrium tissues of endometriosis. Our data further demonstrated that autophagy activity was induced by hypoxia at a time-dependent manner in human endometrial stromal cells. Taking these data together, we demonstrate that hypoxia can up-regulate endometrial cell autophagy level.
As we described above, both lncRNA-MALAT1 and autophagy could be up-regulated by hypoxia stress. Yet the relationship between lncRNA-MALAT1 and autophagy under hypoxia conditions tion/reoxygenation-induced injure. 27 Moreover, lncRNA-MALAT1 enhances aggressive pancreatic cancer cells proliferation and metastasis via the up-regulation of autophagy 40 and promotes retinoblastoma progression via modulating autophagy. 26, 41 These findings tempted us to speculate that lncRNA-MALAT1 could also function by regulating autophagy under hypoxia condition in endometriosis.
In the present study, we found that silencing lncRNA-MALAT1 suppresses hypoxia induced autophagy in human endometrial stromal cells. To the best of our knowledge, this is the first report to show the regulation of autophagy by MALAT1 under hypoxia environment in endometriosis.
Accumulating evidences have demonstrated that the endometrial tissues from females with and without endometriosis have fundamental differences in cell survival/apoptosis potentiality. 42, 43 Cells from endometriotic tissues lack the appropriate mechanism of programmed cell death and surviving to establish endometriotic implantation on unfavourable ectopic locations. Moreover, hypoxia induced autophagy has been considered as one cytoprotective mechanism. 44 
F I G U R E 7
Schematic diagram of the functions of lncRNA-MALAT1 during hypoxia induced pro-survival autophagy in human endometrial stromal cells. In normoxia condition, HIF-1α protein is rapidly degraded by the ubiquitin-proteasome system. In hypoxia condition, HIF-1α is stabilized and translocated into the nucleus by importin α/β and dimerizes with HIF-1β. The HIF heterodimer affects transcription of downstream target lncRNA-MALAT1, which promotes the induction of pro-survival autophagy However, there are several limitations of our study that must be taken into account. First of all, endometrium samples were only collected during the proliferative phase and the sample size was relatively small, which may limit the interpretable power of the current results. Thus, in future studies, the larger sample sizes collected from the entire menstrual cycle should be used. Second, the exact molecular mechanisms underlying lncRNA-MALAT1 mediated autophagy in human endometrial stromal cells remains to be established. Thus, future research is needed to gain deeper insight into these questions.
In summary, to the best of our knowledge, this is the first report
showing that lncRNA-MALAT1 contributes to hypoxia triggered protective autophagy, which is crucial for cell survival in endometriosis ( Figure 7) . Altogether, these findings illustrate a new function of lncRNA-MALAT1 and the "hypoxia/lncRNA-MALAT1/protective autophagy" pathway may serve as a novel target for developing potential therapeutic targets for the treatment of endometriosis.
